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ABSTRACT 
 
This study was conducted at Alkadaro Quarantine for Animals Export to 
determine the ticks infesting cattle destined for export. Half body collection 
of ticks was carried out three times a month from 20 cattle during June, July 
and August 2012. The cattle for export had been brought from EL Obied, 
Gadarif and Nyala.  
 The results indicated that these cattle were infested with ten species of 
ixodid ticks; these were Amblyomma lepidum, A. variegatum, Hyalomma 
impeltatum, H. truncatum, H. rufipes, H. dromedarii, H. anatolicum, 
Rhipicephalus (Boophilus) annulatus, R. (Boophilus) decoloratus and R. 
evertsi evertsi. The most abundant tick species was A. lepidum. Its number 
was 893 ticks (68.85%) followed by A. variegatum 132 ticks (10.18%), H. 
impeltatum 113 ticks (8.7%), H. truncatum 46 ticks (3.5%), H. dromedarii 
40 ticks (3.08%), H. rufipes 36 ticks (2.8%), H. anatolicum 29 ticks (2.2%), 
R. evertsi evertsi 6 ticks (0.5%), R. B. annulatus 1 tick (0.08%) and R. B. 
decoloratus 1 tick (0.08%).                                                                     
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The mean tick species on cattle brought from EL Obied was (9±0.6), Gadarif 
(7±0.5) and Nyala (5±0.5). Cattle older than four years carried the highest 
tick load (10.5±0.7) followed by cattle 3- 4 years old (7.4±0.6) and cattle 2- 
3 years old (6.3±0.4), whereas the calves younger than 1 year carried the 
lowest tick load (4.1±0.6). Cows carried significantly more ticks (8.2±1) 
than bulls (6.9±0.3). Butana type of cattle carried higher (7.6±0.5) tick load 
than Kenana (6.7±0.4). Cattle with white coat colour carried the highest 
mean load (7.3±0.4) while the lowest mean load was carried by brown coat 
colour cattle (6.4±0.6). Seasonally, the highest mean load was recorded in 
July (8±0.7), while the lowest load was recorded in August (6.5±0.5). 
According to the body predilection sites, the highest mean load was 
collected from the udder (9.4±1.9), while the lowest load was from the 
scrotum (6.3±0.6). 
This study was carried out during a limited time. The results may be                                 
 different if seasonal variations are taken into consideration. However, the current        
results may reflectonly the fact that ticks brought to Khartoum are numerous and 
varied in their species and origins.    
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ABSTRACT 
 
This study was conducted at Alkadaro Quarantine for Animals Export to 
determine the ticks infesting cattle destined for export. Half body collection 
of ticks was carried out three times a month from 20 cattle during June, July 
and August 2012. The cattle for export had been brought from El-Obied, El-
Gadarif and Nyala. 
 The results indicated that these cattle were infested with ten species of 
ixodid ticks; these were Amblyomma lepidum, A. variegatum, Hyalomma 
impeltatum, H. truncatum, H. rufipes, H. dromedarii, H. anatolicum, 
Rhipicephalus (Boophilus) annulatus, R. (Boophilus) decoloratus and R. 
evertsi evertsi. The most abundant tick species was A. lepidum. Its number 
was 893 ticks (68.85%) followed by A. variegatum 132 ticks (10.18%), H. 
impeltatum 113 ticks (8.7%), H. truncatum 46 ticks (3.5%), H. dromedarii 
40 ticks (3.08%), H. rufipes 36 ticks (2.8%), H. anatolicum 29 ticks (2.2%), 
R. evertsi evertsi 6 ticks (0.5%), R. B. annulatus 1 tick (0.08%) and R. B. 
decoloratus 1 tick (0.08%).                                                                     
The mean tick species on cattle brought from El-Obied was (9±0.6), El-
Gadarif (7±0.5) and Nyala (5±0.5). Cattle older than three years carried 
higher tick load (10.5±0.7) than calves younger than three years old 
(5.9±0.5). Cows carried significantly more ticks (8.2±1) than bulls (6.9±0.3). 
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Butana type of cattle carried higher (7.6±0.5) tick load than Kenana 
(6.7±0.4). Cattle with white coat colour carried the highest mean load 
(7.3±0.4) while the lowest mean load was carried by brown coat colour 
cattle (6.4±0.6). Seasonally, the highest mean load was recorded in July 
(8±0.7), while the lowest load was recorded in August (6.5±0.5). According 
to the body predilection sites, the highest mean load was collected from the 
udder (9.4±1.9), while the lowest load was from the scrotum (6.3±0.6). 
This study was carried out during a limited time. The results may be     
 different if seasonal variations are taken into consideration. However, the current 
results may reflectonly the fact that ticks brought to Khartoum are numerous and 
varied in their species and origins.    
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(7.3±0.4)ϥϮϠϟ΍Δ˷ϴϨΑέΎϘΑϷΎΑΔϧέΎϘϣ .(6.4±0.6)Ω΍ήϘϟΎΑϥ΍ϮϴΤϠϟΔΑΎλϷ΍ςγϮΘϣϰϠϋ΃
ηϰϓϞ͋Π˵γϮϴϧϮϳήϬ (8±0.7) βτδϏ΍ϰϓϞΠγϥ΍ϮϴΤϠϟΔΑΎλϷ΍ςγϮΘϣϞϗ΃ϭ
(6.5±0.5)ϥΎϛΔΑΎλϻ΍ςγϮΘϣϰϠϋ΃ϥ΍ϮϴΤϟ΍ϢδΟϰϓΩ΍ήϘϟ΍ϊϤΟΔϘτϨϣϰϠϋ˱΍ΩΎϤΘϋ΍
ωήπϟ΍ϰϓ(9.4±1.9) ΔϴμΨϟ΍ϰϓϥΎϛΔΑΎλϻ΍ςγϮΘϣϞϗ΃ΎϤϨϴΑ(6.3±0.6).
 ΓΩϭΪΤϣΔϴϨϣίΓήΘϓϝϼΧΔγ΍έΪϟ΍ϩάϫΖϳήΟ΃ϜΗΪϘϓΕάΧ΃΍Ϋ΍ΔϔϠΘΨϣΞ΋ΎΘϨϟ΍ϥϮ
έΎΒΘϋϻ΍ϰϓΔϴϤγϮϤϟ΍Ε΍ήϴϐΘϟ΍ϰΘϟ΍Ω΍ήϘϟ΍ϥ΃ΔϘϴϘΣβϜόΗΪϗΞ΋ΎΘϨϟ΍ϩάϫϥΎϓϚϟΫϊϣϭ
ΎϫέΩΎμϣϭΎϬϋ΍Ϯϧ΃ϰϓΔϋϮϨΘϣϭΓΪϳΪϋϥϮϜΗϡϮσήΨϟ΍Δϳϻϭϰϟ΍ϰΗΎΗ 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Introduction 
Ticks are obligate blood-feeding parasites at some stages of their life cycle. 
Many species are considerable interest and importance as vectors of a wide variety 
of pathogens to both humans and animals (Walker, Keirans and Horak, 2000; 
Norval and Horak, 2004). 
  Ticks and the diseases they transmit are widely distributed throughout the 
world, particularly in tropical and sub tropical countries, it has been estimated that 
80% of the worlds 1, 226 million cattle are infested with ticks. Ticks are 
responsible for several losses caused either by tick worry, blood loss, damage to 
hides and udders and the transmission of toxins, or through morbidity or mortality 
caused by the diseases they transmit (FAO, 1984).They are more closely related to 
spiders than to insects. The ~ 850 described species are exclusively blood-sucking 
in all feeding stages. Ticks transmit a great variety of infectious agents. Some of 
these agents are only slightly pathogenic to livestock but may cause disease in 
humans; others cause diseases in livestock that are of tremendous economic 
importance. In addition, ticks can harm their hosts directly by inducing toxics (e.g., 
sweating sickness, tick paralysis caused by salivary fluids containing toxins); skin 
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wounds susceptible to secondary bacterial infections and screwworm infestations, 
and anemia and death. International movement of animals infected with the tick-
transmitted blood parasites Theileria, Babesia, Anaplasma, and Cowdria spp. is 
widely restricted. (Cahn & Line, 2005). Ticks are vectors of a number of diseases; 
they represent a threat to indigenous and exotic cattle in the country and cause 
substantial losses in both animals and their products (Gamal and El Hussein 2003). 
  The three families comprising the super family Ixodoidea are the 
Argasidae, or soft ticks, with about 150 species in five genera, the Nuttalliellidae, a 
monospecific genus, and the Ixodidae, the hard or shield ticks with about 650 
species in four subfamilies and 13 genera (Horak, Camicas and Kierans 2002). 
Most ticks of veterinary importance belong to the family Ixodidae (Hoogstraal, 
1956). The family Ixodidae includes the genera Ixodes (235 spp.), Amblyomma 
(102 spp.), Aponomma (24 spp.), Haemaphysalis (155 spp.), Boophilus 
(Rhipicephalus) (55 spp.), Cosmioma (1 spp.), Nosoma (1 spp.), Rhipicephalus (70 
spp.), Rhipicentor (2 spp.), Margaropus (3 spp.) and Anomalohimalaya (3 spp.). 
(Sonenshine, 1991). Ticks of the genus Boophilus have subsequently been placed 
in the subgenus (Boophilus) within the genus Rhipicephalus (Horak, Camicas and 
Kierans 2002). Apanaskevich and Horak (2008) have also recently raised the 
subgenus H. marginatum rufipes to species level, namely H. rufipes. 
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1.2 Classification of ixodid ticks 
Ticks are obligate haematophagus ectoparasites of vertebrates (Mans and 
Nietz, 2004). They belong to the sub order Ixodoidea which comprises three 
families; Argasidae (soft ticks), Ixodidae (hard ticks) and Nuttalliellidae 
(Sonenshine, 1991). Ixodid ticks spend several days feeding on the host while 
Argasids feed rapidly with feeding events usually lasting less than an hour (Krantz, 
1978). Ixodid ticks have only one nymphal stage, while Argasid ticks have at least 
two nymphal stages (Sonenshine, 1991). 
 
1.2.1 Taxonomy of ixodid ticks 
Phylum: Arthropoda 
Class: Arachnida (Lamarch, 1815) 
Order: Acarina (Nitzsch, 1818) 
Suborder: Ixodoidea (Leach, 1815) 
Family (1): Argasidae (Canestrine, 1890) 
Genera:  Argas, Ornithodoros and Otobius 
Family (2): Ixodidae (Murray, 1877) 
Genera: Amblyomma, Dermacentor, Haemaphysalis, Hyalomma, Ixodes, 
Margaropus, Rhipicephalus (Boophilus) and Rhipicentor. 
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1.3 Tick biology 
Ixodid ticks have four developmental stages: egg, larva, nymph and adult 
(Sonenshine, 1991). Larvae and nymphs require a blood meal before molting into 
the next stage, and females require a blood meal prior to oviposition. Female 
ixodid ticks die after oviposition, but the fate of ixodid males after copulation is 
not as certain and varies with the biology and reproductive behaviors among 
groups within this family. Most authorities agree that the Ixodidae consists of five 
subfamilies or tribes. All but one tribe fall into a group called the Metastriata, 
while the more ‘primitive’ Prostriata contains the remaining tribe (the Ixodinae) 
(Barker and Murrell, 2004; Sonenshine, 1991). 
There are notable differences in reproduction between prostriates and metastriates 
(Kiszewski et al., 2001). In contrast to prostriates, most metastriate males require a 
blood meal prior to sexual maturation and copulate on the vertebrate host (El Said 
and Swiderski, 1983; Homsher and Sonenshine, 1972, 1976; Kiszewski et al., 
2001; Londt and Van Der Bijl, 1977; Londt and Spickett, 1976; Oliver and Dotson, 
1993; Sonenshine, 1991; Valero et al., 1997). In addition, metastriate male ticks 
are attracted to feeding sites by aggregation pheromones and to feeding females by 
sex pheromones (Leahy and Booth, 1983; Norval et al., 1989; Norval et al., 1996; 
Sobbhy et al., 1994; Sonenshine, 1985), suggesting means for inter-host transfer 
and intermittent feedings on multiple vertebrate hosts. Thus, metastriate males may 
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remain in the environment, potentially transmitting pathogens to multiple 
vertebrate hosts without the need for additional acquisition or molting periods. 
Most ixodid species are three-host ticks with immature stages that detach from 
their hosts after each blood meal before molting to the next stage. One-host ticks, 
such as the Rhipicephalus subgenus Boophilus, seek out their hosts as larvae and 
remain on the same vertebrate host between molts. 
 
 1.3.1 Life cycle of Ixodid ticks 
Ticks have a wide animal host range including man, birds and reptiles 
(Hoogstraal, 1956). However, they are in general not very specific concerning host, 
although some species show a particular preferable host species, or there may be a 
definite adaptation to certain hosts (Soulsby, 1982). After the female has fed for a 
few days, she emits one or more pheromones, which attract males; the male, also, 
emits an attractant to mate (FAO, 1984). Following engorgement, she drops off to 
the ground to oviposit between 100 to 20,000 eggs depending on the species 
(Soulsby, 1982). Thereafter, she dies. Males remain attached to the hosts for longer 
periods and may mate with other females. After hatching or moulting, immature 
and adults undergo a quiescent hardening period of a few days during which 
cuticular changes occur. This period is followed by feeding activity. Hard ticks 
feed for extended periods of time on their hosts, varying from several days to 
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weeks, depending on such factors as life stage, host type, and species of tick. The 
outside surface, or cuticle, of the female hard ticks actually expands during feeding 
to accommodate the large volume of blood ingested, which, in adult female ticks, 
may be anywhere from 200 to 600 times their unfed body weight (Sonenshine, 
1991). Additionally, many soft ticks have an uncanny resistance to starvation, and 
can survive for many months or years without a blood meal (Furman and Loomis, 
1984). The outside surface, or cuticle, of soft ticks expands, but does not grow to 
accommodate the large volume of blood ingested, which may be anywhere from 5 
to 10 times their unfed body weight (Sonenshine, 1991). 
According to the number of hosts they require during their life cycle, ticks 
can be classified into three groups. These are:                                                                              
One host ticks: All three developmental stages engorge on the same host. The two 
ecdyses take place on the host e.g., Rhipicephalus (Boophilus) decoloratus and 
Rhipicephalus (B.) annulatus. 
Two host ticks: The larvae engorge and moult on the host and the nymph engorges 
on the same host and drop to the ground to molt.  The resultant adult feeds on a 
second host. e.g.  R. evertsi evertsi and H. rufipes. 
Three host ticks: These require a new host for every developmental stage. The 
engorged larvae and engorged nymphs moult on the ground. e.g. Ixodes ricinus, 
Amblyomma lepidum. 
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1.4 Morphology of ixodid ticks and adaptation 
The body of a tick is comprised of two main regions, i.e. the gnathosoma 
and the idiosoma. The gnathosoma include the basic capituli and the mouthparts. 
The mouthparts of hard ticks consist of a pair of four-segmented palps, a pair of 
two-segmented chelicerae and a hypostome (Walker et al., 2003). Ticks use the 
chelicerae to penetrate the epidermis of their host and insert the hypostome with 
retrograde teeth into the wound. The retrograde teeth on the hypostome, together 
with cement secreted by the tick’s salivary gland enhance attachment of a tick to 
its host (Sonenshine, 1991). The idiosoma bears the legs, genetal pores and 
spiracles. The chitinous scutum in female ticks covers the anterior third of the 
dorsal side of the idiosome while in male it extends over the entire dorsum of the 
idiosome (Krantz, 1978). 
Hard ticks have evolved and adapted successfully to a blood-feeding mode 
of life (Mans and Neitz, 2004). In order to maintain the flow of blood during 
feeding, the salivary glands of ticks secrete anticoagulants and vasodilators (Sauer 
et al., 2000). Ticks salivary glands also secrete immunomodulators, which can 
suppress the immune system of the host (Barriga, 1999). The prolonged feeding 
duration of hard ticks facilitates transmission of a variety of microorganisms to 
humans and livestock (Sonenshine, 1991). In addition they imbibe a large quantity 
of blood from their hosts. 
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Ticks have highly efficient sensory organs, which consist of chemosensilla, 
mechanosensilla, photosensilla and thermosensilla. The tick’s sensory organ, the 
Haller’s organ, is situated on the dorsal surface of tarsi of each foreleg and it has 
both olfactory and gustatory chemosensilla (Sonenshine, 1991). Olfactory 
chemoreceptors or sensilla perceive volatiles while gustatory chemoreceptors 
perceive stimulus on contact (McMahon et al., 2003). Carbon dioxide stimulus has 
been shown to stimulate questing in ticks (Perritt et al., 1993). Also Carroll (1998) 
demonstrated that aqueous wipes of the metatarsal gland of white-tailed deer 
elicited an arrestant response in I. scapularis. Some of ixodid ticks such as 
Hyalomma truncatum possess eyes equipped with photoreceptors and are capable 
of perceiving visual signals (Bergermann & Gothe, 1997). 
 
1.5 Distribution and ecology of ixodid ticks in the Sudan 
Sudan livestock populations constitute of 30 million cattle, 37 million 
sheep, 33 million goats and 3 million camels. About 39% are kept in the western 
Sudan, 24% in the central and 10% in the Eastern and Northern. About 80% of 
livestock populations are owned by the traditional sectors, mostly nomads. (Anon., 
2005). Eleven genera of ticks and 63 tick species infesting a variety of animal 
species, including birds and reptiles have been identified in the Sudan (Hoogstraal, 
1956). According to Hoogstraal (1956), Karrar et al. (1963), and Osman et al. 
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(1982) ticks infesting livestock in the Sudan are mainly Hyalomma anatolicum, H. 
dromedarii, H. rufipes, H. impressum, H. impeltatum, H. truncatum, Rhipicephalus 
e. evertsi, Rhipicephalus sanguineus group, Rhipicephalus simus group, 
Rhipicephalus appendiculatus, R. (Boophilus) decoloratus, R. (Boophilus) 
annulatus, A. lepidum and A. variegatum. Salih (2003) identified eleven species in 
the Sudan; these were A. lepidum, A. variegatum, R. B. decoloratus, H. anatolicum, 
H. dromedarii, H. impeltatum, H. rufipes, H. truncatum, R. e. evertsi, R. 
sanguineus group and R. praetextatus.                                                                       
  Ticks are faced within their habitats with a variety of meteorological 
factors such as temperature, relative humidity and rainfall. Tatchell and Easton 
(1986) stated that host density, susceptibility, vegetation type and host grazing 
behavior are important factors in the regulation of tick distribution. 
  Ticks are living organisms and have their own complex ecology, for the 
most part quite unconnected with our animals (Brendan, 1975). They are widely 
distributed throughout the world particularly in tropical and subtropical countries. 
However, each species of tick is adapted to different macro and microclimates, 
with some occurring only in warm regions with a fair degree of humidity, while 
others are most active in dry climates, (Soulsby, 1982). 
  Ticks vary in their response to temperature, sex, age and host species. Each 
species has a critical temperature above which the survival of the tick is greatly 
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influenced. This critical temperature varies within different genera. For instance, it 
is 32°C for Ixodes spp., 45°C for Hyalomma spp., (Hoogstraal, 1956). 
  Among the macroclimatic factors that regulate tick distribution is the 
rainfall, which humidifies soil and air and influences the availability of the grasses. 
Tick maintains water through absorption of atmospheric humidity and water in 
case of unfed ones, and from ingested blood meal in case of engorged ones 
(Hoogstraal, 1956). Amblyomma variegatum is present in areas with annual rainfall 
of 400-700 mm, while Hyalomma dromedarii occupies areas with rainfall below 
250 mm annually and may be found in desert and semi-desert areas. Regarding 
response of ticks to temperature, Hassan (1997) found that tick load of the hosts 
was correlated with host coat color. Cattle with white coat color carried 
significantly more ticks than brown hosts, while black cattle carried the least 
number of ticks. 
  Nutritional status of the host plays an important role in tick infestation as 
any nutritional deficiency results in decreased immunity through decreased 
phagocytosis and antibody production so leading to heavier tick infestation 
(Nelson, 1984). 
  FAO (1983) reported that H. anatolicum, H. rufipes, R. e. evertsi are 
ubiquitous in Central Sudan, in desert areas. In Kassala (Eastern Sudan), the 
following species were recognized by Karrar (1963) A. lepidum, R. (B.) 
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decoloratus, Haemaphysalis spp., H. rufipes, H. truncatum, H. anatolicum, H. 
dromedarii, R. sanguineus and R. e. evertsi. Latif et al. (1994) reported in 
Khartoum the presence of H. anatolicum, H. truncatum, Rhipicephalus (B.) 
decoloratus and R. sanguneus. 
  The ecological distribution of the species of ticks found on cattle, sheep 
and camels in Darfur and Kordofan Regions was studied by Osman (1979) and 
Osman et al., (1982). The ticks they reported included A. lepidum, A. variegatum, 
H. rufipes, H. truncatum, Rhipicephalus (B.) decoloratus and Rhipicephalus (B.) 
annulatus. R. sanguineus group was the most extensively distributed species while 
R. e. evertsi was more restricted. H. impeltatum was associated more with sheep 
while H. dromedarii was restricted to camel rearing areas. Other species reported 
in the Sudan are Rhipicephalus (B.) geigyi, Rhipicephalus camicasi and R. bergoni 
that were reported for the first time in the Sudan in addition to R. guilhoni and R. 
turanicus in central Sudan by Jongejan et al. (1987). 
Hassan and Osman (2003) reported that the distribution of A. lepidum was found in 
all localities with a variation in their total numbers. The tick is absent from 
Northern and Khartoum Provinces. It is present together with A. variegatum in 
Darfur, Kordofan. 
Karrar et al. (1963) reported that tick species that infest domestic animals in 
Kassla, Easteren Sudan are: A. lepidum, H. anatolicum, H. excavatum, H. 
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dromedarii, H. impeltatum, H. rufipes, H. truncatum, Rhipicephalus evertsi evertsi, 
R. sanguineus, and R. (Boophilus) decoloratus. ElImam (1999) reported that H. 
impeltatum was the most dominant species in Kosti, White Nile Province while 
Osman et al. (1982) found that the most predominant ticks in Kordofan were H. 
rufipes and H. impeltatum.  
In Southern Darfur, tick reported on cattle were H. truncatum, H. rufipes, H. 
impeltatum, Rhipicephalus (B.) annulatus, R. sanguineus and R. e. evertsi (Osman 
et al., 1977). In southern Kordofan, Sowar (2002) reported A. lepidum, 
A.variegatum, Rhipicephalus (B.) decoloratus, Rhipicephalus (B.) annulatus, H. 
rufipes and H.truncatum. However, A. lepidum has become abundant in Kordofan 
and Darfur (Soawr, 2002; Abdalla, 2007). 
H. anatolicum has apparently extended its distribution southwards from latitude 
14° N to 13° 3 '  N for the first time in the Sudan (Ahmed, 1999). 
 
1.6 Economic importance of ixodid tick 
Ticks cause great economic losses to livestock in the world and have 
adverse effects on the livestock host in several ways (Snelson, 1975). There are 
899 tick species which parasitize vertebrates. These including Argasidae (185 
species), Ixodidae (713 species) and Nuttalliellidae (1 specie) (Barker and Murrell, 
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2004).They parasitize a wide range of vertebrate hosts, and transmit a wider 
variety of pathogenic agents than any other group of arthropods (Oliver, 1989). 
Ticks constitute the most important livestock pests in Africa and are to be found in 
the entire 30 million square kilometers of the African continent (Punyua and 
Hassan, 1992). Infestation generally causes local irritation resulting in wounds, 
which predispose the host to attacks by blow flies and secondary bacterial 
infections. 
Tick worry caused by tick infestation is probably a combination of several entities 
inducing irritation from the tick bite, local skin infection, blood loss and secondary 
bacterial infection (Soulsby, 1982). Hoogstraal (1956) reported large ugly sores 
developed on cattle and horses at the site of tick attachment. 
  Tick paralysis, a condition caused by the injection of toxins by certain 
developmental stages of ticks. Chiefly the adult females, but sometimes the 
nymphs of the genus Ixodes are particularly associated with the condition. Other 
genera especially Dermacentor and Ornithodorus are incriminated. 
  The ticks that are recognized as vectors of economically important 
pathogens of livestock belong to the genera Hyalomma, Amblyomma, 
Rhipicephalus (B.) and Rhipicephalus (FAO, 1985).  
Tick-borne protozoan diseases (e.g. Theileriosis and Babesiosis) and rickettsial 
diseases (e.g. Anaplasmosis) and heartwater and tick-associated dermatophilosis 
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are major health and management problems of livestock in many developing 
countries. R. appendiculatus is the vector of Theileria parva, the cause of East 
Coast fever (ECF) (FAO, 1983), one of the most important tick-borne diseases of 
cattle in the country is tropical theileriosis caused by Theileria annulata which is 
transmitted by H. a. anatolicum. This disease is also probably transmitted in the 
field by H. dromedarii.  Proper economic importance of tropical theileriosis is yet 
to be quantified. Latif (1994) estimated the loss in a selected farm in Khartoum 
Town to range between 2- 6 US$ million.                          
  Heavy losses in live weight gain (LWG) of cattle are attributed to tick 
infestation. Pegram et al. (1989) observed that each engorged A.variegatum female 
causes a loss of 46-61 g in LWG .whereas the mean damage caused by standard 
female of R.appendiculatus to Bos taurus cattle is about 4.4 g (Norval et al. 1988). 
FAO (1984) reported that B. (Rhipicephalus) microplus in Australia was 
responsible for 0.7 g loss in LWG of cattle per female tick completing 
engorgement. Teat damage due to tick feeding is a further production problem. 
ElImam (1999) found that 19%, 3.1%, and 0.4% for one, two and three teats 
damage, respectively was due to feeding of Amblyomma spp. in central Sudan. 
             
 
                                              
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
15 
 
1.7 Tick control 
Control strategies of ticks depend on ecology, biology and epidemiology of 
ticks and TBDs. It aims at reducing tick population and infestation levels on 
animals and to prevent transmission of diseases. Control of ticks and TBDs has 
started since the early twentieth century. Some countries succeeded in control 
programs such as USA and parts of Argentina (FAO, 1984). However, other 
countries have failed specially in Africa due to lack of financial resources, 
presence and density of host and eco-climatic factors (FAO, 1984). Ticks can be 
controlled by using a combination of more than one method such as chemical 
acaricides, pasture spelling, natural enemies and disease control by treatment of 
infected animals (Latif and Walker, 2004). 
 
1.7.1 Chemical acaricides:  
This method is widely used for control of ticks and prevention of TBDs 
(Jongejan and Uilenberg, 1994). It is applied in different ways depending on the 
country tick control policy. Dip vats are used for immersion of cattle in dip vats, 
but frequency of dipping varies according to species of ticks and their density, 
whereas hand spraying is used for individual animals (FAO, 1984). There are other 
methods of acaricide application which include acaricide impregnated ear tags, tail 
bands, leg bands, neck bands (Drummond, 1983; FAO, 1984) and acaricide 
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boluses (Miller et al., 2001). However these chemicals are toxic to both human and 
animals, very expensive, leave residues in milk and meat and contaminate 
environment. Moreover, resistance of ticks to these chemicals develops due to long 
term and indiscriminate use (Pengnet et al., 1998). A number of tick species 
develop resistance to some acaricide (FAO, 2004). In Australia, Rhipicephalus (B.) 
microplus developed resistance to D.D.T. (Kettle, 1995).  
 
1.7.2 Host resistance: 
Resistance of animals to tick infestation varies according to animal breeds 
and number of external factors specially season, nutrition status and stresses (de 
Castro and Newson, 1993). Animals can be classified either as highly resistant and 
these are infested by few ticks or of low resistance which carry higher tick 
numbers (Latif and Pegram, 1992). Latif et al. (1991a) studied the highly resistant 
cattle compared with low resistance and found that the highly resistant cattle were 
infested by the least successful attachments and the number fed to maturity was 
lower than on the tick’s possessing low resistance. In Africa, zebu cattle (Bos 
indicus) are classified as having higher resistance than B. taurus (Kaiser et al., 
1982; Rechav et al., 1990). Dolan (1986) reported that resistant animals to one 
species or one stage of the life cycle of a particular tick can be expected to be 
resistant to other species. Latif et al. (1991b) stated that survival of R. 
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appendiculatus female on zebu cattle in western Kenya was 10%on higher resistant 
cattle, 11-40% on low resistant and above 41% on cattle of very low resistance. 
Similary, Solomon and Kaaya(1996, 1998) reported that zebu cattle have high 
resistance to ticks, whereas crossbred (Boran X Friesian) have low resistance. 
They found that 63.5% of ticks collected were from the crossbred, 26.2% from 
Boran while Arssi type carried only 10.3%. In the Sudan crossbred B. taurus X B. 
indicus carried 4.5 times more ticks, than B. indicus (Kenana and Butana ) (Latif, 
1984). The inclusion of tick-resistance of cattle through a breeding programme will 
increase the average resistance of cattle within a herd, which can be used for tick 
control (Jonsson et al., 2000). 
 
1.7.3 Biological control: 
Natural enemies are used in tick control within an integrated tick control 
management. These enemies are predators, parasitoids or pathogens. The use of 
predators has been described by many workers. Hassan et al. (1991, 1992) reported 
that domestic chickens play an important role as natural tick predators in a free 
management system. Other predators are red-billed and yellow billed oxpeckers 
(Buphagus erythrorhynchus) in which ticks constitute the main food components 
(Norval et al., 1991). Similary, cattle egrets (Ardeola ibis ibis), guinea fowl 
(Numila meleagris), and lilac breasted roller (Coracia caudata) have been reported 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
18 
 
as predators (Petney and Kok, 1993). Opportunistic predators which include 
spiders, rodents, toads, ants, lizards, shrews and snakes have been described 
(Mwangi et al., 1991; Hassan, 2003).                                                                                     
  Parasitoids such as Ixodiphagus hookeri, a wasp that lays its eggs in 
nymphs of A. variegatum have been studied in biological control of ticks (Mwangi 
et al., 1997). Samish and Rehacek (1999) reported that protozoa such as Nosema 
ixodis, Nosema parkeri and Nosema slovaca were discovered from ticks, but only 
N. slovaca was found pathogenic to ticks. Fungicides such as Metarhizium 
anisopliae and Beauveria bassiana (Kaaya and Hassan, 2000; Perry at el., 2005) 
were found to be pathogenic to ticks.                            
  Pheromones are chemicals released by animals and influence the behaviour 
of other individuals of the same species (Karlson and Luscher, 1959). There are 
three types of pheromones which are aggregation-attachment pheromones which 
attract ticks to the feeding individual, while attractant sex pheromones are 
produced by fed females of hard ticks to attract males, and there are other various 
ungrouped pheromones (Leahy and Booth, 1983). Pheromones are used in tick 
control as a mixture with other components (Norval et al., 1994). A. variegatum 
males appeared after three days of feeding on the host and reached high level after 
about six days when attraction aggregation-attachment pheromones (AAAP) 
components (ortho-nitrophenol) and methyl salicylate were applied (Diehl et al., 
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1991). Barre and Davis (1992) studied the effect of aggregation fixation 
pheromones and pyrethroids and flumethrine acaricides to attract A. variegatum on 
cattle; the result was a decrease in number of ticks. Similar trials were carried out 
by Norval et al. (1996) that used three different acaricides with AAAP against A. 
hebraeum. They concluded that the potential of pheromones on tick control was 
promising. Maranga et al. (2003) found that synthetic pheromones were attractive 
to adult A. variegatum while CO2 improved attraction of A. variegatum to AAAP. 
 
1.7.4 Ecologically based control: 
Ecology plays an important role in tick control programmes (Estrada-Pena, 
2003). The aim of this method is to minimize success of parasite in finding a 
passing host, and to interfere with development of engorged ticks. Burning of 
pasture, bushes, grasses, cultivation of grazing areas, use of mixed farming, 
removal of manure, pasture spelling, and sealing off cracks and crevices in animal 
enclosures largely reduce host tick contact and contribute in control of ticks 
(ElGhali, 1992; Hassan, 2003). Pasture spelling was used in tick control in 
Australia (FAO, 1984), but this method is not applicable in Africa where there are 
three-host tick species which might have other hosts to feed on, beside that 
longevity of unfed adult ticks in pasture might be for two years or more (Young et 
al., 1983).  
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1.7.5 Tick vaccine 
In the early 1990s, vaccines were developed that induced immunological 
protection of vertebrate hosts against tick infestations. These vaccines contained 
the recombinant R. (B.) microplus Bm86 gut antigen (Willadsen, 2006; de la 
Fuente J and Kocan KM, 2003). Two vaccines using recombinant Bm86 were 
subsequently registered in Latin American countries (Gavac) and Australia (Tick 
GARD) during 1993–1997 (de la Fuente J et. al, 2007). These vaccines reduce the 
number of engorging female ticks, their weight and reproductive capacity. Thus the 
greatest vaccine effect was the reduction of larval infestations in subsequent 
generations. Vaccine controlled field trials in combination with acaricide 
treatments demonstrated that an integrated approach resulted in control of tick 
infestations while reducing the use of acaricides (de la Fuente, J. and Kocan, K. 
M., 2003; de la Fuente, J. et. al, 1998). These trials demonstrated that control of 
ticks by vaccination has the advantages of being cost-effective, reducing 
environmental contamination and preventing the selection of drug resistant ticks 
that result from repeated acaricide application. In addition, these vaccines may also 
prevent or reduce transmission of pathogens by reducing tick populations and/or 
affecting tick vectorial capacity (Rodríguez Valle M. et. al, 2004; de la Fuente J. et 
al, 2007). The cattle ticks, Rhipicephalus (Boophilus) spp., affect cattle production 
in tropical and subtropical regions of the world. Tick vaccines constitute a cost-
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effective and environmentally friendly alternative to tick control. The recombinant 
Rhipicephalus (B.) microplus Bm86 protective antigen has been shown to protect 
cattle against tick infestations. Recently, the gene coding for B. annulatus Bm86 
ortholog, Ba86, was cloned and the recombinant protein was secreted and purified 
from the yeast Pichia pastoris. The efficacy of recombinant Ba86 for the control of 
Rhipicephalus(B.) annulatus and Rhipicephalus (B.) microplus infestations in 
cattle and suggested that physiological differences between Rhipicephalus (B.) 
microplus and Rhipicephalus (B.) annulatus and those encoded in the sequence of 
Bm86 orthologs may be responsible for the differences in susceptibility of these 
tick species to Bm86 vaccines. 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1 Study area 
The study was carried out in AlKadaro Quarantine Station in Khartoum Province. 
Cattle were brought from Nyala (24° 53'  E, 12° 03'  N), El-Gadarif (14° 03'  N, 35° 
4'  E) and El-Obied (13° 18'  N, 30° 22'  E) to Alkadaro quarantine station   (Fig. 1). 
 
2.2 Cattle used for sampling 
Ticks were collected from 182 cattle. They had been transported from their original 
places to AlKadaro quarantine station within (3- 6) days by lorry. Prior to 
collection, each animal was properly restrained. The age groups of cattle sampled 
were calves (younger than three years old) and cows (older than three years old). 
Two types of animals were selected, these were Butana and Kenana. 
 
2.3 Tick collection 
Half body collections of ticks were made from 182 cattle after arrival to 
Alkadaro from their original regions immediately (sometime one day) prior to 
collection, during three months (June, July and August 2012); the collection was  
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done three times per month from 20 animals of each origin. Collection was 
performed using a pair of blunt forceps without damaging their mouth parts 
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(Soulsby, 1982). Particular attention was paid to predilection sites of attachment of 
the tick on each animal including the feet and the tail switch. Collection sites, also, 
included external and internal ears, eyelids around the lips, neck, axilla, brisket, 
belly, scrotum, under and along the tail shaft and at the end of the tail shaft, around 
the anus, limbs and between the hooves. 
Ticks were kept separately in 70% ethyl alcohol in labeled bottles. On each label 
information was recorded including location, age, sex, type of cattle, coat colour, 
site of the body, and date of collection. 
 
2.4 Tick identification 
The ticks were transported to a laboratory of department of Parasitology, 
University of Khartoum where they were identified. Identification was carried out 
under a dissecting microscope according to the keys described by Hoogstraal, 
(1956). 
 
2.5 Statistical analysis 
Collected tick data were subjected to the appropriate general linear model (GLM) 
procedure of statistical analysis using the Statistical Analysis System (SAS). The 
SAS was used to perform analysis of variance (ANOVA), while mean separations 
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were performed using the Ryan-Einot-Gabriel-Welsch (REGW) multiple range test 
(Day & Quinn 1989). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
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RESULTS 
 
3.1 Survey of ticks 
Three tick genera and ten species were identified during the study; these 
were the genera Amblyomma, Hyalomma, and Rhipicephalus. The tick species 
included Amblyomma lepidum, A. variegatum, Hyalomma impeltatum, H. 
truncatum, H. dromedarii, H. anatolicum, H. rufipes, R. (Boophilus) decoloratus, 
R. (B.) annulatus and Rhipicephalus evertsi evertsi. (Fig. 2). 
 
3.2 Abundance of ticks 
Ticks infesting cattle brought from El-Obied were A. lepidum, A. variegatum, H. 
impeltatum, H. rufipes, H. dromedarii and H. anatolicum. H. truncatum was not 
identified on cattle brought from El-Obied. Ticks collected from cattle brought 
from El-Gadarif were; A. lepidum, H. impeltatum, H. rufipes, H. truncatum, H. 
anatolicum, A. variegatum and H. dromedarii. 
In June, the identified ticks were; A. lepidum, H. impeltatum, H. dromedarii, H. 
truncatum, H. anatolicum, H. rufipes and A. variegatum. In July, the ticks 
recovered were; A. lepidum, A. variegatum, H. impeltatum, H. truncatum and H. 
rufipes. In August, the ticks recovered were; A. lepidum, A. variegatum, H. 
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impeltatum, H. rufipes and H. truncatum. H. dromedarii and H. anatolicum were 
not identified in July and August. 
Ticks collected from Butanta type were A. lepidum, A. variegatum, H. impeltatum, 
H. rufipes, H. truncatum, H. dromedarii and H. anatolicum. While ticks collected 
from Kenana type were A. lepidum, A. variegatum, H. impeltatum, H. truncatum, 
H. dromedarii, H. anatolicum and H. rufipes. 
Ticks recovered from calves younger than three years old were A. lepidum, A. 
variegatum and H. impeltatum, H. anatolicum, H. dromedarii, H. truncatum and H. 
rufipes. While ticks recovered from cows older than three years old were A. 
lepidum, A. variegatum, H. impeltatum, H. anatolicum, H. rufipes, H. dromedarii 
and H. truncatum. 
Ticks collected from bulls were A. lepidum, A. variegatum, H. impeltatum, H. 
truncatum, H. rufipes, H. dromedarii and H. anatolicum. Ticks collected from 
cows were A. lepidum, A. variegatum, H. impeltatum, H. dromedarii, H. 
anatolicum, H. rufipes and H. truncatum. 
Ticks identified from black coat color cattle were A. lepidum, A. variegatum, H. 
impeltatum, H. dromedraii, H. rufipes, H. anatolicum and H. truncatum. Ticks 
identified from brown coat color cattle were A. lepidum, H. impeltatum, A. 
variegatum, H. rufipes, H. dromedarii and H. truncatum. None of H. anatolicum 
was found. Ticks identified from black coat color cattle were A. lepidum, A. 
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variegatum, H. impeltatum, H. truncatum, H. anatolicum, H. dromedarii and H. 
rufipes. 
Ticks collected from the udder of the cows were A. lepidum, A. variegatum, H. 
dromedarii, H. impeltatum, H. anatolicum, H. rufipes and H. truncatum. Ticks 
collected from the flank of the cattle were A. lepidum, A. variegatum, H. 
impeltatum, H. truncatum, H. rufipes, H. dromedarii and H. anatolicum. Ticks 
collected from the scrotum of the bulls were A. lepidum, H. impeltatum, A. 
variegatum, H. truncatum, H. dromedarii and H. rufipes. H. anatolicum was not 
found. Ticks collected from around anus of the cattle were A. lepidum, H. 
impeltatum, A. variegatum, H. rufipes, H. anatolicum, H. dromedarii and H. 
anatolicum. Ticks collected from the tail shaft of the cattle were A. lepidum, A. 
variegatum and H. impeltatum. H. truncatum, H. rufipes and H. dromedarii were 
found with very low numbers, H. anatolicum was not found. 
R. (B.) decoloratus, R. (B.) annulatus and R. evertsi evertsi were recorded with 
very low numbers. (Fig. 2). 
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3.3 Amblyomma lepidum 
A. lepidum was recorded in cattle brought from El-Obied, El-Gadarif and 
Nyala and it was found with a mean of 6.9±0.5, 5.4±0.4 and 2.5±0.35, respectively. 
Seasonally, the highest mean (5.6±0.5) was in July, while the lowest mean (4±0.4) 
was in June. Butana type of cattle carried higher mean (5.6±0.43) than Kenana 
(4.3±0.3). Calves carried significantly more ticks (5.3±0.9) than bulls (4.8±0.3). 
Cows older than three years old carried higher tick load (7.3±0.7) than calves 
younger than three years old (4.1±0.5). The highest mean was from the udder 
(5.8±1.6), followed by under the tail (5.3±0.9), flank (5±0.6), around the anus 
(4.9±0.6), belly (4.6±0.5) and scrotum (4.6±0.4) (Table 1). 
 
3.4 Amblyomma variegatum 
This tick species was recorded with the highest mean (0.08±0.03) in July, 
while the lowest mean (0.06±0.04) was in June. Cows carried significantly more 
(0.9±0.4) than bulls (0.7±0.1). Cattle brought from El-Obied were found with the 
highest mean (1.6±0.2), while those brought from El-Gadarif carried the lowest 
mean (0.08±0.04). Butana type carried higher means (0.8±0.2) than Kenana 
(0.6±0.1). According to the age, Cows older than three years old carried higher tick 
number (1.3±0.3), than calves younger than three years old (0.5±0.2). Cattle with 
black coat color carried the highest mean (0.7±0.2) load, followed by those with 
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white coat color (0.7±0.1) and the lowest mean tick load (0.6±0.2) was carried by 
brown coat color cattle. The highest mean was from under the tail (1.2±0.1), 
followed by udder (1.1±0.7), belly (0.8±0.2), flank, around the anus and scrotum 
(0.5±0.2) (Table 1). 
 
3.5 Hyalomma impeltatum 
This tick species was recorded with the highest mean (0.8±0.2) on cattle 
brought from Nyala, and with the lowest (0.3±0.1) on cattle brought from El-
Obied. Seasonally, the highest mean (0.8±0.2) was in June, and the lowest mean 
(0.3±0.13) was in August. Kenana type carried higher mean (0.7±0.16) than 
Butana (0.5±0.15). Cows older than three years old carried higher tick number 
(0.7±0.2), than calves younger than three years old (0.5±0.2).. Cows carried higher 
(0.7±0.3) mean tick load than bulls (0.6±0.1). Brown coat color cattle were 
recorded with the highest mean (0.7±0.3), followed by cattle with white coat 
colour (0.6±0.1), whereas the lowest mean (0.5±0.2) was found in cattle with black 
coat color. Ticks from under the tail were found with the highest mean (0.8±0.4), 
followed by around the anus (0.7±0.3), udder (0.6±0.4), scrotum (0.6±0.4), belly 
(0.5±0.2) and flank (0.4±0.2) (Table 1). 
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3.6 Hyalomma truncatum 
This tick species was recorded with the highest mean (0.5±0.25) on cattle 
brought from Nyala, while cattle brought from El-Gadarif were recorded with 
mean of (0.2±0.08) and it was not recorded in El-Obied. The highest mean 
(0.5±0.3) was found in June, and the lowest mean (0.1±0.05) was in July. Kenana 
type carried higher mean (0.3±0.16) than Butana (0.15±0.07). ). Cattle older than 
three years old carried lower tick load (0.1±0.07), than calves younger than three 
years old (0.2±0.1). Bulls carried higher (0.3±0.1) mean tick load than cows 
(0.08±0.08). White coat color cattle were recorded with the highest mean 
(0.4±0.2), followed by cattle with brown coat colour (0.2±0.1), whereas the lowest 
mean (0.09±0.05) was recorded on black coat color cattle . Ticks from the belly 
were found with the highest mean (0.5±0.3), followed by the udder (0.2±0.2), 
scrotum (0.2±0.1), flank (0.2±0.1), under the tail (0.1±0.1) and around the anus 
(0.1±0.07) (Table 1). 
 
3.7 Hyalomma dromedarii 
 This tick species was recorded with the highest mean (0.5±0.15) on cattle 
brought from Nyala, followed by those brought from El-Obied (0.1±0.04) and the 
lowest mean (0.07±0.03) was recorded on cattle brought from El-Gadarif. The 
mean of (0.6±0.15) was recorded in June, while this tick species was not recorded 
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in July and August. Kenana type carried higher mean (0.3±0.09) than Butana 
(0.1±0.05). Cattle older than three years old carried higher (0.3±0.1) tick load than 
calves younger than three years old (0.18±0.07). Cows carried higher (0.5±0.3) 
mean tick load than bulls (0.2±0.05). Black coat color cattle carried the highest 
mean (0.3±0.2), followed by cattle with brown coat colour (0.2±0.1), whereas the 
lowest mean (0.2±0.06) were recorded on white coat color cattle.  Ticks from the 
udder were found with the highest mean (0.8±0.5), followed by around the anus 
(0.3±0.1), scrotum (0.2±0.1), belly (0.2±0.1), flank (0.1±0.05) and under the tail 
(0.05±0.05) (Table 1). 
 
3.8 Hyalomma anatolicum 
 This tick species was recorded with the highest mean (0.2±0.2) on cattle 
brought from Nyala, followed by those brought from El-Gadarif (0.1±0.06) and the 
lowest mean collections (0.08±0.05) were recorded on cattle brought from EL-
Obied. The mean June collections were (0.5±0.2), while this tick species was not 
recorded in July and August. Kenana type carried higher mean ticks (0.2±0.1) than 
Butana (0.06±0.04). ). Cattle older than three years old carried higher tick load 
(0.5±0.2) than calves younger than three years old (0.07±0.06). Cows carried 
higher (0.5±0.2) mean tick load than bulls (0.1±0.07). White coat color cattle 
carried the highest mean (0.2±0.1), whereas the black coat color cattle, carried 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
34 
 
mean of (0.15±0.08). They were not recorded on cattle with brown coat colour. 
Ticks from the udder were found with the highest mean (0.6±0.3), followed by 
around the anus (0.3±0.2), flank (0.1±0.1) and the belly (0.08±0.05). No ticks were 
found attached to under the tail (Table 1). 
 
3.9 Hyalomma rufipes 
This tick species was recorded with the highest mean (0.3±0.08) on cattle 
brought from El-Gadarif, followed by those brought from El-Obied (0.15±0.06) 
and the lowest mean (0.06±0.04) was recorded on cattle brought from Nyala. The 
highest mean (0.3±0.08) was in June, followed by August (0.15±0.06), while the 
lowest mean was in July (0.05±0.03). Butana type carried higher mean (0.19±0.06) 
than Kenana (0.18±0.05). ). Cows older than three years old carried higher tick 
load (0.2±0.09), than calves younger than three years old (0.08±0.06). Cows 
carried higher (0.2±0.1) mean tick load than bulls (0.2±0.04). Brown coat color 
cattle were recorded with the highest mean (0.2±0.1), followed by cattle with black 
coat colour (0.2±0.08), whereas the lowest mean was recorded in white coat colour 
cattle (0.2±0.05). Ticks from around the anus were found with the highest mean 
(0.4±0.1), followed by the udder (0.2±0.2), flank (0.2±0.08), under the tail 
(0.1±0.06), belly (0.1±0.05) and scrotum (0.04±0.04) (Table 1). 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
35 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
36 
 
CHAPTER FOUR 
DISCUSSION AND CONCLUSSION 
 
Ticks are very important problems that threaten livestock in the Sudan (El-
Hussein et al., 2004). In fact, the map of distribution of ticks has changed due to 
the extensive animal movement, deforestation, desertification and establishment of 
large mechanized schemes (S. M. Hassan, personal communication). 
Tick species identified in this study were generally similar to those reported by 
Hoogstraal (1956), Karrar (1963), Osman et al. (1982) and Jongejan et al. (1987).  
Population densities of the ticks in these localities were variable; the ticks that 
were brought from Nyala were variable species (seven species). This is due to the 
ecology of the state that favours tick populations, survival and development. 
The variety of tick species recorded in this area may, also, be attributed to the fact 
that animals are kept under free-range movement, and that may imply that the 
animals could have picked up ticks from a wide range of ecological zones. 
The study showed that ticks have specific preferred sites of attachment on their 
hosts. This finding is possibly due to the easiness for ticks to acquire blood for 
nourishment may, also, be attributed to the fact that the attachment of the tick 
depends on the temperature and the sickness of the skin of the animal. 
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The difference of infestation of ticks in three locations may be due to variation in 
climatic conditions and temperature; tick infestation is influenced by temperature, 
rainfall and relative humidity (Gosh et al., 2007).   
In the current study, Amblyomma spp. was collected in large numbers in 
export cattle brought from all localities with variations in their total numbers with 
the highest collection in August. In the Sudan, A. lepidum was found abundant in 
the eastern parts of the country (Hassan and Osman, 2003). In South Darfur 
(Nyala), Ali (2007) found that A. lepidum were identified in the South Darfur with 
higher prevalence in dry and wet seasons. The present study confirmed that this 
tick species has spread from eastern Sudan to far western parts. In the present 
study, A. lepidum were abundant in the rainy season. This finding coincides with 
that of Osman et al. (1982) who observed that A. lepidum reached a peak in the 
rainy season. Walker et al. (2003) reported that A. lepidum occurs in a wide variety 
of climatic zones, from temperate highlands to savanna and desert, but it is 
common in the arid habitats with rainfall of 250 – 750mm.    
Hyalomma impeltatum was collected from export cattle brought from 
Nyala with high numbers; this result is similar to that of Abdalla (2007) who found 
H. impeltatum was abundant in Nyala; this may be due to the fact that cattle are in 
contact with camels in Nyala. However, camel ticks, H. dromedarii were recorded 
in the same area. This might indicate that cattle are not preferable hosts to the latter 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
38 
 
tick species while the former tick species uses both cattle and camels as hosts for 
feeding. ElGhali (2005) found that the main tick species infesting camels in 
Edamer Province was H. dromedarii (89%) followed by H. impeltatum.  
H. anatolicum females were found in the current study, this result is in line 
with those reported by Salih (2003) and Abdalla (2007) who found a few ticks of 
this species in Nyala. This finding indicates that this tick species has established in 
Nyala. 
R. (B.) decoloratus, R. (B.) annulatus and R. evertsi evertsi were recorded 
in very low numbers; this finding is in line with those reported by Abdalla (2007) 
who found Rhipicephalus species in low numbers in Nyala. This may be due to the 
unfavourable climatic conditions as this tick is usually regulated or governed by 
the humidity, vegetation types and the length of the rainy season (Hoogstraal, 
1956). 
The effect of cattle coat color on ticks loads showed that cattle with black 
coat color infested by the lowest number of ticks. These finding is similar to those 
reported by Hassan (1997) and Abdalla (2007) who found that animals with white 
coat color usually were infested by high tick numbers followed by the animals with 
brown coat color, while animals with black coat color carried the lowest tick 
numbers. This could be attributed to the relatively raised temperature of the host’s 
skin environment that generated by dark coat color. Furthermore this might be true 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
39 
 
attractiveness of the light color for the same tick spp. On the other hand, cattle age 
could affect tick load, young calves carried low numbers of ticks than old cattle in 
all localities. This might be due to the long exposure period to the tick in the old 
cattle. However, Latif at el. (1991a) found no difference between numbers of ticks 
carried by yearling calves (12-18 months old) and old cattle. 
This study was carried out during a limited time. The results may be 
different if seasonal variations are taken into consideration. However, it may 
reflect only the fact that ticks brought to Khartoum are numerous and varied in 
their species and origins.    
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  RECOMMENDATIONS 
 
· It is recommended to conduct further surveys in the other states in order to 
accurately determine tick infesting domestic livestock throughout the 
country.  
· It is, also, recommended appropriate control measures for tick need to be 
employed for high animal production especially for export cattle. 
  
 
                                              
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
41 
 
REFERENCES 
 
Abdalla, M. M. (2007). Studies on ticks and tick borne diseases of cattle in South 
  Darfour State, Sudan. M. V. Sc. theis, University of Khartoum.  
Ahmed, B. M. (1999). Studies on epizootiology of Theileria (Lestro-quardi  
  Nomen Novum) hirci (Apicomplexa: Theileriidae) in River Nile State. M. 
  Sc. thesis, Nile Valley University. 
Anon (2005).  Report of Sudan Federal Ministry of Animal Resource and  
  Fisheries. Sudan Government. Issue No.15. 
Apanaskevich, D. A. and Horak, I. G. (2008). The genus Hyalomma Koch, 1844. 
  V. Re-evaluation of the taxonomic rank of taxa comprising the H.  
  (Eyhyalomma) marginatum group of species (Acari: Ixodidae) with  
  redescription of all parasitic stages and notes on biology, International 
  Journal of Acarology, 34: 13- 42. 
Barker S. C. and Morrell A. (2004), Review systematics and Evolution of ticks 
  with a list of valid genus and species names, Parasitology, 2004; 129  
  Suppl: 15-36. 
Barre, N. and Davis, C. (1992). Attempts to attract Amblyomma variegatum  
  (Acari: Ixodidae) on cattle previously treated with aggregation-fixation 
  pheromones and pyrethroid acaricides. Rev. Med. Pays. Trop. 45: 33 – 36. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
42 
 
Barriga, O. O. (1999). Evidence and mechanism of immunosuppression in tick 
  infestations. Genetic analysis: Biomolicular engineering 15: 139- 142. 
Bergermann, S., & Gothe, R. (1997). On the visual perception of eyes in adult 
  Hyalomma truncatum ticks (Acari: Ixodidae). Experimental and Applied 
  Acarology 21: 307- 315. 
Brendan, H. (1975). The ecology of vectors. In: Patterns of Animal Diseases. 
  Bailliere Tindall, London. Pp. 107 – 110. 
Cahn, C. M., Line, S. (2005). The Merck Veterinary Manual. 9th edition. 
Carroll, J. F. (1998). Kairomonal activity of White-tailed deer metatarsal gland 
  substances: A more sensitive behavioral bioassay using Ixodes scapularis 
  (Acari: Ixodidae). Journal of Medical Entomology, 35: 90- 93. 
Day, R. W. and Quinn, G. P. (1989). Comparison of treatment after an analysis of 
  variance in ecology. Ecological Monographs, 59: 433-463. 
de Castro, J. J. and Newson, R. M. (1993). Host resistance in cattle tick control. 
  Parasitol. Today. 9: 13 – 17. 
de la Fuente J., Rodríguez M., Redondo M., Montero C., García-García JC., 
Méndez L., Serrano E., Valdés M., Enríquez A., Canales M., Ramos E., de 
Armas CA., Rey S., Rodríguez JL., Artiles M., García L. (1998), Field studies 
  and cost-effectiveness analysis of vaccination with Gavac™ against the 
  cattle tick Rhipicephalus (Boophilus) microplus. Vaccine, 16: 366-373. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
43 
 
de la Fuente J, Kocan KM. (2003), Advances in the identification and  
  characterization of protective antigens for development of recombinant 
  vaccines against tick infestations., Expert Rev Vaccines, 2:583-593. 
de la Fuente J., Almazán C., Canales M., Pérez de la Lastra JM,, Kocan KM., 
Willadsen P. (2007), A ten-year review of commercial vaccine performance for 
  control of tick infestations on cattle., Anim Health Res Rev, 8:23-28. 
Diehl, P. A.; Guerin, P.; Vlimant, M. and Steullet, P. (1991). Biosynthesis  
  production site and emission rates of aggregation-attachment pheromone in 
  males of two Amblyomma ticks. Journal. Chem. Ecol. 17: 833 – 847. 
Dolan, R. B. (1986). The principle of selection for tick resistance. The Kenya  
  veterinarian. 10: 34 – 35. 
Drummond, R. O. (1983). Tick-borne livestock diseases and their vectors.  
  Chemical control of ticks. Ticks and tick-borne diseases. World Animal 
  Review FAO, Rome. 
ElGhali, A. (1992). Some studies on survival and biological behavior of  
  Hyalomma anatolicum anatolicum (Koch, 1844) (Acari: Ixodidae). M.Sc. 
  dissertation. U of K. 
ElGhali, A. (2005). Studies on camel ticks in River Nile State, Sudan with  
  particular reference to ecology and behaviour of Hyalomma dromedarii 
  (Acari: Ixodidae). PhD. thesis. University of Khartoum. Sudan.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
44 
 
ElImam, A. H. (1999). Ecological and epidemiological studies on ticks and tick-
  borne diseases in Kosti Province, Sudan. M.V.Sc. thesis, U of K.  
ElSaid, A. M., Swiderski, Z. (1983). Copulation and spermatophore formation in 
  H. dromedarii. J. Egypt Soc. Parasitol. 1983 June; 13 (1): 59- 62 
Estrada-Pena. (2003). Climate change decreases habitat suitability for some tick 
  species (Acari: Ixodidae) in South Africa. Onderstepoort. J. Vet. Res. 70: 
  79 – 93. 
FAO, (1983). Ticks and tick-borne diseases control. The Sudan  Epizootiology. 
  Technical Report 3. AG: GCP/SUD024/DEN. Food and  Agriculture  
  Organization of the United Nation, Rome, pp56.  
FAO (1984). Tick and tick-borne Diseases Control. A practical field manual.  
  Volumes 1 and 2. Food and Agricultural Organization of the United  
  Nations, Rome. 
FAO (1985). Population year book. Vol. 38, Food and Agriculture Organization of 
  the United Nation, FAO, Rome.  
FAO (2004). Ticks: Acaricide resistance management: Diagnosis, management 
  and prevention. In Resistance, Management and Integrated Parasite  
  Control in Ruminants. FAO Guidelines Animal Production and Health 
  Division, Food and Agricultural Organization of the United Nations,  
  Rome, p. 64. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
45 
 
Furman, D. P. and Loomis. E. C. (1984). The Ticks of California (Acari:  
  Ixodidae). Bulletin of the California Insect Survey 25: 1-239, 356 figs. 
Gamal, A. and ElHussien, A. M. (2003). Economic impact of theileriosis on a 
  dairy farm in Northern Sudan. Sud. J. Vet. Sci. Anim. Husb., 42: 278-278. 
Gosh, S., Bansal, G. C., Gupta, S. C., Ray, D., Khan, M. Q., Irshad, H., 
Shahiduzzaman, M., Seitzer, U. & Ahmed, J. S. (2007). Status of tick  
  distribution in Bangladesh, India & Pakistan, Parasitol Res., 101: 207- 216. 
Hassan, S. M. (1997). Ecological studies on Rhipicephalus appendiculatus and 
  Amblyomma variegatum (Acari: Ixodidae): Drop-off rhythms,   
  Development, Survival, and Seasonal populational dynamics. Ph.D.  
  thesis. University of Kenyatta, Kenya. 206. Pp.               
Hassan, S. M. (2003). Integrated tick management with special reference to the 
  Sudan conditions. Proceedings of the Third National Workshop on Ticks 
  and Tick-borne diseases in the Sudan, Khartoum, Sudan 18 – 20 August 
  2003. The Sudan J. Vet. Sci. Anim. Husb. 42 (1/2): 319 –330. 
Hassan, S. M. and Osman, A. M. (2003).  Ecological and biological factors  
  determining population dynamics of ticks. The Sudan Journal of  
  Veterinary Science and Animal Husbandry. 42(1/2): 15 – 38. 
Hassan, S. M., Dipeolu, O. O.; Amoo, A. O. and Odhiambo, T. R. (1991).  
  Predation on livestock ticks by chickens. Vet. Parasitol. 38: 199 – 204. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
46 
 
Hassan, S. M. Dipeolu, O. O. and Munyinyi, M. D. (1992). Influence of  
  exposure period and management methods on the effectiveness of chickens 
  as predators of ticks infesting cattle. Vet. Parasitol. 38: 310 –309.  
Homsher, P. J., Sonenshine, D. E. (1972). Spermatogenesis in Dermacentor  
  variabilis (Say) (Acarina: Ixodidae).in relation to duration of attachment 
  and the presence of  chromosomal aberrations in stock injected with 
  radioactive glucose J. Med. Entomol. 1972, Apr. 28; 9(2): 171-7. 
Homsher, P. J., Sonenshine, D. E. (1976). The effect of presence females on  
  spermatogenesis and early mate seeking behavior in two species of  
  Dermacentor ticks (Acari: Ixodidae). Acarologia 1976 Dec.; 18(2): 226-
  33. 
Hoogstraal, H. (1956). African Ixodoidea. 1. Ticks of the Sudan (with special 
  reference to Equatoria Province and with preliminary reviews of the genera 
  Boophilus, Margaropus and Hyalomma) Research Report NM   
  005.050.29.27, Department of the Navy, Bureau of Medical and  
  Surgery, Washington D. C. 1101 pp.  
Horak, I. G., Camicas, J. L. and Keirans, J. E. (2002). The Ixodidae,  
  Amblyommidae and Nuttalliellidae (Acari: Ixodida), a world list of valid 
  tick names. Experimental and Applied Acarology, 28: 7- 54. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
47 
 
Jongejan, F.; Zivkovic, D.; Pegram, R. G.; Tatchell, R. J.; Fison, T.; Latif, A. 
A. and Paine, G. (1987). Ticks (Acari: Ixodidae) of the Blue and White Nile  
  ecosystems in the Sudan with particular reference to the Rhipicephalus 
  sanguineus group. Exp. App. Acarol. 3: 331 – 346. 
Jongejan, F. and Uilenberg, G. (1994). Ticks and control methods. Rev. Sci. 
  Tech. Off. Int. Epiz. 13: 1201 –1226. 
Jonsson, N. N.; Mayer, D. G. and Green, P. E. (2000). Possible risk factors on 
  Queensland dairy farms for acaricide resistance in cattle tick (Boophilus 
  microplus). Vet. Parasitol. 88: 79 – 92. 
Kaaya, G. P. and Hassan, S. M. (2000). Entomogenous fungi as promising  
  biopesticides for tick control. Exp. Appl. Acarol. 24: 559 – 564. 
Kaiser, M. N.; Sutherst, R. W. and Bourne, A. S. (1982). Relation between ticks 
  and Zebu cattle in Southern Uganda. Trop. Anim. Hlth. Prod. 14: 509 – 
  521. 
Karlson, P. and Luscher, M. (1959). Pheromones: A new term for a class of  
  biologically active substance. Nature (Lond) 183: 55 – 56. 
Karrar, G. (1963). Ecology and host-relationship of ticks infesting domestic  
  animals in Kassala Province (Sudan) with special reference to Amblyomma  
  lepidum. Bull. Entomol. Res. 54: 509 – 522. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
48 
 
Karar, G.; Kaiser, M. N. and Hoogstraal, H. (1963). Ecology and host- 
  relationships of ticks (Ixodoidea) infesting domestic animals in Kassala 
  Province, with special reference to Ambyomma lepidum Donitz. Bulletin 
  of Entomological Research, 54: 509- 522. 
Kettle, D. S. (1995). Medical and Veterinary Entomology. Second edition.  
  Cambridge, UK. pp, 440 - 482. 
Kiszewski, A. M., Matuscha, F. R., Spielman, A. (2001). Review Mating  
  strategies and spermiogenesis in ixodid ticks, Annu. Rev. Entomol. 2001; 
  46: 167-82. 
Krantz, G. W. (1978). A manual of Acarology. Second edition. Corvallis: Oregon 
  State University Book Store, Incorporated, pp.213. 
Latif, A. A. (1984). Resistance to natural tick infestation in different breeds of 
  cattle in the Sudan. Insect. Sci. Applic. 5: 95 – 97. 
Latif, A. A. (1994). Epidemiology of Bovine Tropical Theileriosis in Sudan,  
  Proceedings of a Workshop on Tropical theileriosis held at the Veterinary 
  Association Residence. Khartoum, (eds. A. M. Atelmanan and S. M.  
  Kheir). 
Latif, A. A. and Pegram R. G. (1992). Naturally acquired host resistance in tick 
  control in Africa. Insect Sci. Applic. 13: pp 505 – 513. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
49 
 
Latif, A. A. and Walker, A. R. (2004). An introduction to the biology and control 
  of ticks in Africa. Ticks of veterinary and medical importance. Electronic 
  tick guide for Africa developed by international consortium on ticks and 
  tick – borne diseases. Pp. 1- 29.  
Latif, A. A.; Punyua, D. K.; Nokoe, S.; and Capstick, P. B. (1991a). Tick  
  infestation on Zebu cattle in Western Kenya: Individual host variation. J. 
  Med. Entomol. 28: 114 – 121. 
Latif, A. A.; Punyua, D. K.; Capstick, P. B. and Newson, R. M. (1991b). The 
  tick infestation on Zebu cattle in Western Kenya: Host resistance to  
  Rhipicephalus appendiculatus (Acari: Ixodidae). J. Med. Entomol. 28: 127 
  – 132.  
Latif, A. A.; Abdullah, H. M.; Hassan, S. M.; Zubeir, N.; Morzaria, S. P.; 
Osman, A. M. and Mustafa, U. E. (1994). Theileriosis of sheep in the Sudan. 
  Proceedings of a workshop held at the Sudan Veterinary Residence.  
  Khartoum, Sudan, 4 -5 May 1994. Ed. A. M. Atelmanan and S. M. Kheir. 
  Pp. 66- 72. 
Leahy, M. G. and Booth, K. S. (1983). Attraction of metastriate ticks (Acari: 
  Ixodidae) to the sex pheromone 2, 6- dichlorophenol and to substituted 
  phenol. J. Med. Entomol., 1983 Jan. 27; 20(1): 104-5. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
50 
 
Londt, G. H., Spickett, A. M. (1976). Gonad development and gametogenesis in 
  B. decoloratus (Koch, 1844), (Acarina Metastriata Ixodidae),   
  Onderstepoort J. Vet. Res. 1976 Sep.; 43(3): 79-96. 
Londt, G. H., Van Der Bijl, E. B. (1977). The life cycle of the two-host tick  
  Rhipicephalus evertsi evertsi, Neumann, 1897, under laboratory conditions 
  (Acarina: Ixodidae), onderstepoort J. Vet. Res. 1977, Mar; 44(1): 21-8. 
Mans, B. J., and Neitz, A. W. H. (2004). Adaptation of ticks to a blood-feeding 
  environment: evolution from a functional perspective. Mini. Review.  
  Insect Biochemistry and Molecular Biology 34:1-17. 
Maranga, R. O., Hassanali, A., Kaaya, G. P., and Mueke, J. M. (2003).  
  Attraction of Amblyomma variegatum to the attraction-aggregation  
  pheromones with or without Carbon dioxide. Exp. Appl. Acarol. 29: 121 – 
  130. 
McMahon, C., Krober, T. and Querin, P. M. (2003). In vitro assays for  
  repellents and deterrents for ticks: differing effects of products when tested 
  with attractant or arrestment stimuli. Medical and Veterinaty Entomology. 
  17: 370- 378.  
Miller, J. A.; Davey, R. B.; Oether, D. D.; Pound, J. M. and George, J. E. 
(2001). The ivomec SR bolus for control of Boophilus annulatus (Acari: Ixodidae) 
  on cattle in South Texas. J. Econ. Entomol. 94: 1622 – 1627.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
51 
 
Mwangi, E. N.; Dipeolu, O. O.; Newson, R. M.; Kaaya, G. P. and Hassan, S. 
M. (1991). Predators, Prasitaids and pathogens of ticks: A review. Biocontrol  
  Science and Technology 1: 147 – 156. 
Mwangi, E. N.; Hassan, S. M.; Kaaya, G. P. and Essuman, S. (1997). The  
  impact of Ixodiphagus hookari, a tick parasitoid on Amblyomma  
  variegatum  (Acari: Ixodidae) in field trial in Kenya. Exp. Appl. Acarol. 
  21(2): 117 – 126. 
Nelson, W. A. (1984). Effect of nutrition of animals on their ectoparasites. J. Med. 
  Entomol. 21(6): 621 – 635. 
Norval, R. A.; Andrew, H. R.; Yunker, C. E. (1989). Pheromone-mediation of 
  host-selection in bont ticks (Amblyomma hebraeum Koch). Science.  
  243(4889): 364-5. 
Norval, R. A. I. and Horak, I. G. (2004), Vectors: ticks. In: infectious diseases of 
  livestock. Editors J.A.W. Coetzer and R.C. Tustin. Cape Town: Oxford 
  University Press, Pp 3-42. 
Norval, R. A. I.; Sonenshine, D. E.; Allan, S. A. and Burridge, M. J. (1996). 
  Efficacy of pheromones –acaricide impregnated tail-tag decoys for  
  controlling the bont tick, Amblyomma hebraeum (Acari: Ixodidae) on cattle 
  in Zimbabwe. Exp. Appl. Acarol. 1996 Jan. 20(1): 31 – 46. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
52 
 
Norval, R. A. I.; Perry, B. D.; Meltzer, M. I.; Kruska, R. and Booth, T. H. 
(1994). Factors affecting the distributions of the ticks Amblyomma Hebraeum and 
  Amblyomma variegatum in Zimbabwe: Implications of reduced acaricide 
  usage. Exp. Appl. Acarol. 18: 383 – 407. 
Norval, R. A. I., Sutherst, R. W., Kurki, J., Gibson, J. D. and Kerr, J. D. 
(1988). The effect of the brown ear-tick Rhipicephalus appendiculatus on the  
  growth of Sanga and European breed cattle. Veterinary Parasitology  
  30:149-164. 
Norval, R. A. I.; Yunker, C. E. and Duncan, I. M. (1991). Pheromones/acaricide 
  mixtures in the control of the tick Amblyomma hebraeum: Effects of  
  acaricide on attraction and attachment. Exp. Appl. Acarol. 11: 233 – 240. 
Oliver H. (1989). Biology and systematics of ticks (Acari:  Ixodidae) Annu Rev 
  Ecol Syst. 1989; 20(1): 397–430. doi: 10.1146/annurev.es.   
  20.110189.002145. 
Oliver JH, Dotson EM. (1993), Hormonal control of molting and reproduction in 
  ticks, Am. Zool. 1993; 33:384–396. 
Osman, O. M. (1979). Preliminary notes on the distribution of ticks (Acari:  
  Ixodidae) in Darfur Province, Sudan. Bull. Anim. Hlth. Prod-Afr. 26: 322 
  – 333.   
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
53 
 
Osman, O. M.; Ibrahim, A. M. and Osman, A. G. (1977). Some observations on 
  ticks of sedentary cattle in Southern Darfur Province. Proceedings of 8th    
  Veterinary Association Conference, Khartoum, Sudan. 22th- 26th April. pp 
  41-50.  
Osman, O. M.; El Hussein, A. M.; Neima, A. M. H. and Abdallah, H. S. 
(1982). Ecological studies on ticks (Acarina: Ixodidae) of Kordofan Region,  
  Sudan. Bull. Anim. Hlth. Prod. Afr. 30:  45-53. 
Pegram, R. G.; Lemche, J.; Chizyuka, H. G. B.; Sutherst, R. W.; Floyd, R. B.; 
Kerr, J. D. and McCosker, P. J. (1989). Effect of tick control on live weight gain 
  of cattle in Central Zambia. Med. Vet. Entomol. 3: 313- 320. 
Pengnet, F., Chalvet-Monfray, K. and Sabatier, P. (1998). Use of a   
  mathematical model to study the control measures of the cattle tick   
  Boophilus microplus population in New Caledonia. VetParasitol. 77: 277-
  288. 
Perritt, D. W., Couger, G. and Barker, R. W. (1993). Computer-controlled  
  olfactometer system for studying behavioral responses of ticks to carbon 
  dioxide. Entomology Society of America. 30: 275- 311. 
Perry Polar ; Marilena Aquino de Muro ; Moses T. K. Kairo; Dave Moore; 
Repert Pegram; Sally-Ann John; Cheryl Roach-Benn. (2005). Thermal  
  characteristics of Metarhizium anisopliae isolates important for the  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
54 
 
  development of biological pesticides for the control of cattle ticks. Vet. 
  Parasitol. 134: 159 – 16. 
Petney, T. N. and Kok, O. B. (1993). Small and medium size mammals as  
  predators of ticks (Ixodoidea) in South Africa. Exp. Appl. Acarol. 17: 733 
  – 40. 
Punyua, D. K. and Hassan, S. M. (1992).  The role of host management in tick 
  population changes on Rusinga Island, Kenya. Experimental and Applied 
  Acarology.  14(1): 61-65. 
Rechav, Y. Dauth J. and Els D. A. (1990). Resistance of Brahman and  
  Simmentaler cattle to Southern Africa ticks. Onderstepoort J. Vet. Res. 57: 
  7 – 12. 
Rodríguez Valle M., Méndez L., Valdez M., Redondo M., Espinosa CM., 
Vargas M., Cruz RL., Barrios HP., Seoane G., Ramírez ES., Boué O., Vigil 
JL., Machado H., Nordelo CB., Piñeiro MJ.(2004). Integrated control of  
  Rhipicephalus Boophilus (microplus) ticks in Cuba based on vaccination 
  with the anti-tick vaccine Gavac. Exp Appl Acarol 2004, 34:375-382. 
Salih, D. A. (2003). Epiemiological studies on tropical theileriosis (Theileria  
  annulata infection of cattle) in the Sudan. M. V. Sc. thesis. University of 
  Khartoum. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
55 
 
Samish, M. and Rehacek, J. (1999). Pathogens and predators of ticks and their 
  potential in biological control. Annu. Rev. Entomol. 44: 159 – 182. 
Sauer, J. R., Essenberg, R. c. and Bowman, A. S. (eds) (2000). Salivary gland in 
  ixodid ticks: Control and mechanism of secretion. Mini Review. Journal of 
  insect physiology 46: 1069- 1078. 
Snelson, J. T. (1975). Animal ectoparasites and disease vectors causing major 
  reductions in world food supplies. FAO Plant Port. Bull., 13: 103- 114. 
Sobbhy, H.; Aggour, M. G.; Sonenshine, D. E.; Burridge, M. J. (1994).  
  Cholesteryl esters on the body surfaces of the camel tick H. dromedarii 
  (Koch, 1844) and the brown dog tick, R. sanguineus sanguineus. Exp.  
  Appl. Acarol. 1994 May18 (5): 265- 80. 
Solomon, G. and Kaaya, G. P. (1996). Comparison of resistance in three breeds 
  of cattle againstAfrican Ixodid ticks. Exp. Appl. Acarol. 20: 223 – 230. 
Solomon, G. and Kaaya, G. P. (1998). Development, reproductive capacityand 
  survival of Amlyomma variegatum and Boophilus decoloratus in  
  relation to host resistance and climatic factors under field conditions. Vet. 
  Parasitol. 75: 241 – 253. 
Sonenshine, D. E. (1985). Review pheromones and other semiochemical of the 
  acari. Annu. Rev. Entomol. 1985; 30: 1-28.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
56 
 
Sonenshine, D. E. (1991). Biology of Ticks. Vol. 1. New York; Oxford University 
  Press; 1991. pp. 3 - 19. 
Soulsby, E. J. L. (1982). Helminths, Arthropods and Protozoa of Domesticated 
  Animals. Bailliere Tindall. 7th ed. Pp. 444 – 471. 
Sowar, A. E. (2002). Epidemiology and ecology of ticks and some tick-borne  
  diseases in Kadogli and Dilling Provinces, Southern Kordofan State,  
  Sudan. M. V. Sc. thesis. University of Khartoum. 
Tatchell, R. J. and Easton, E. (1986). Ticks (Acari: Ixodidae). Ecological studies 
  in Tanzania. Bull. Ent. Res. 76: 229 – 246. 
Valero, A., Hueli, L. E., Diaz-Saza, V. (1997). Spermatogenesis in the ixodid tick 
  Haemaphysalis( Herpetobia) sulcata (Acarina: Ixodidae). J. Parasitol.  
  1997 Apr.; 83(2): 212-4.  
Walker, J. B., Keirans, J.E. and Horak, I.G. (2000). The genus   
  Rhipicephalus (Acari, Ixodidae), aguide to the brown ticks of the  
  world. Cambridge: Cambridge University Press. 
Walker, A. R., Bouattour, A., Camicas, J.-L., Estrada-Pena, Horak, I. G., 
Latif, A. A., Pegram, R. G. and Preston, P. M. (2003). Ticks of domestic  
  animals in Africa: A guide of identification of species. Bioscience Reports 
  Edingburgh, pp, 44-221.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
57 
 
Willadsen P. (2006). Tick control thoughts on a research agenda, Vet. Parasitol. 
  2006, 138:161-168. 
Young, A. S.; Leith, B. L.; Staff, D. A. and Dolan, T. A. (1983). Identification of 
  Theileria infection in living salivary glands of ticks. Parasitol. 86: 519 – 
  528. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
58 
 
APPENDICES 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
